Abstract -Ancient Chinese architecture was digitalized preserved in the projects funded by the government in the past few years. Many application systems have been built in order to use these digital resources effectively. In this paper, we investigate a practical framework for data exchange and sharing among heterogeneous databases of these systems. An XML-based metadata is proposed as a standard for data representation and exchange. And a data exchange model is presented. An application system using the proposed model has been developed. It has been proved that the model works well.
I . Introduction
Ancient Chinese architecture is an important part of Chinese civilization, having an indigenous and unique system of construction. In order to preserve this architectural heritage, a large number of application systems have been built through projected supported by the government. Most of these systems are heterogeneous, which means that their system platforms, databases and development tools are inconsistent and incompatible. Due to the different data formats and different database structures, it is difficult to achieve data exchange and sharing among these systems. There is an urgent need to develop the approaches that can facilitate heterogeneous database access in this domain.
Data exchange methodologies among heterogeneous database include middle database technology, two-way middleware technology, data warehouse technology, electronic data interchange technology, and common manipulation language technology [1] [2] [3] [4] . The problems in applying these technologies to specific domains are implementation difficulties, low security, and poor interoperability. XML (Extensible Markup Language) has been widely used for the representation of arbitrary data structures since it was put forward by W3C (World Wide Web Consortium) in February 1998. It has many advantages, such as extensibility, openness, self description and cross platform, which make it an effective method of information representation to achieve data exchange among different systems [5] [6] [7] [8] . In this paper, we design an XML schema for ancient Chinese architecture, which is later utilized as the unifying data model for data exchange. We also propose a data exchange model based on the metadata.
II . XML-based metadata

A. Data structure
Data structure of ancient Chinese architecture is organized as a tree, as shown in Fig. 1 , where the rectangles denote data elements. The root is "Ancient Chinese architecture" node. The data element of an upper level node is composed of that of its child nodes. For example, the root node has 6 child nodes, which means the root data's composition is as follows: "basic data", "single building data", "restoration data", "affiliated relic data", "disease data", and "research data". The symbol located in the upper left corner of the rectangle indicates the repetitions of the data element. An asterisk denotes data element repeated 0 to n times, and number "1" denotes the repetition of 1 time. If there is no symbol, it denotes the repetition of 0 or 1 time. 
B. XML schema
XML Schema specifies XSD (XML Schema definition language), which offers facilities for describing the structure and constraining the contents of XML documents. It has many advantages over DTD (Document Type Definition), including consistency, scalability, interoperability, and standardization [9] . XSD is far more powerful than DTD in describing XML languages. Thus, we use XSD to describe the metadata of ancient Chinese architecture information.
C. Metadata design
According to the data structure given above, we use XSD to design an XML schema as ancient Chinese architecture metadata (ACAM). It is used as a standard for data exchange. The information transferred between systems must be in the The standard defines the legal building elements of an XML document. There is a one-to-one correspondence between the legal elements and the nodes in the data structure tree. In the schema file, each defined element corresponds to a tree node, and element definitions are listed from top to bottom and left to right. First, the element "Ancient Chinese Architecture" corresponding to the root node of the tree is defined at the beginning of the file. And then the nodes at the second level are defined, and so forth. The metadata design includes complex element design, and simple element design.
In an XML schema file, the complex elements are often used to control the high-level abstract data structures. They contain other elements and/or attributes. In our design, the complex elements correspond to non-leaf nodes of the tree. The <xs:complexType> tag is used to define complex element. The <xs:sequence> tag specifies that the child elements must appear in a specific order. The <minOcurrs> and <maxOccurs> indicators are used to define how often an element can occur, corresponding to the symbol in the tree structure. The <ref> indicator is used to define the nested complex elements.
In an XML schema file, the simple elements are often used to control the low-level data structures. A simple element contains only text, and not any other elements or attributes. In our design, the simple elements correspond to leaf nodes of the tree. The text of a simple element can be one of the built-in data types included in the XML Schema definition. The most commonly used built-in types are: string, decimal, integer, boolean, date, and time.
The example using built-in data type is shown below. <xs:element name="Name" type="xs:string"/> The built-in data types cannot meet all of our requirements. For example, the element "RestorationType" has only four acceptable values. We cannot use the built-in data type "string" to define it. The Schema provides a mechanism to define custom simple data types by applying constraint to basic types. It provides 15 constraints, such as pattern constraint, enumeration constraint, whiteSpace constraint, and length constraint. For example, the enumeration constraint can be used to limit the content of an XML element to a set of acceptable values.
D. XML document
The data transferred among systems should be converted to an XML document that conforms to ACAM schema. An example of XML document is illustrated in Fig. 2 . Because the example deals with Chinese architecture, some contents are in Chinese. 
III. Data exchange model
A. ACAM-based exchange model
Data of ancient architecture are located in heterogeneous relational database of the application systems. ACAM is used as a standard language to exchange data. The ACAM-based data exchange model is illustrated in Fig. 3 . The exchange procedure involves the following steps: first, database records are extracted from the source database, and are converted to an XML document according to ACCM by Generator; second, the generated xml document is sent to the target system; third, the xml document is parsed and converted to data records of the target database according to ACCM by Parser. 
B. Model implementation scheme
To realize the model defined above, the key issue is the implementation of Generator and Parser. JAVA is a widely used web programming language, and is able to develop crossplatform application. By using JDBC, JAVA can access heterogeneous database, such as Oracle, MySql and SQL Server. Therefore, we choose Java as the implementation language.
Generator is used to map relational database records onto an XML document. The process has the following steps: first, the relational-to-XML mapping rules are configured; second, according to the above rules, SQL statements are generated; third, the statements are committed, and data results are organized as an XML document conforming to ACAM.
Parser is used to map an XML document onto relational database records according to the following steps: first, the XML-to-relational mapping rules are configured; second, based on ACAM, the received XML document is analyzed, and data elements are extracted from the file; third, according to the mapping rules, the extracted data elements are converted to data records of the local database.
C. Mapping rules
The mapping between XML and relational schema can be divided into two categories: template-based mapping and model-based mapping [10] [11] [12] [13] [14] . Compared with the templatebased mapping, the model-based mapping is bidirectional mapping, using both sides. We choose model-driven mapping method. Mapping rules are as follows. 
1) Database to XML mapping:
IV. An application case
We apply the model to an application system named ancient architecture protection platform (AAPP). AAPP includes 5 subsystems, which are the knowledge base subsystem (KBS), the simulation repair subsystem (SRS), the scene animation subsystem (SAS), the three-dimensional modeling subsystem (TMS), and the encyclopedia subsystem (ES). The subsystems are built by different research organizations. The databases involved in the platform are SQL Server2000, SQL Server2005, and MySql. In AAPP, every subsystem has the same Generator and Parser. And each subsystem should configure its mapping file. Thus, Generator and Parser can use custom mapping files to realize different data mappings.
In AAPP, the data exchange steps are as follows: 1) A subsystem submits data exchange request.
2) Controller parses the request, and sends it to subsystems providing data.
3) The subsystems receive the request, use Generator to extract data from local database to an xml document, and send it to the controller.
4)
Controller obtains all xml documents from subsystems, validates the files, and sends them to the subsystem that submits the request.
5) The subsystem receives XML documents, uses Parser to analyze files, and converts data to database records.
V. Conclusion
Based on the analysis of the ancient architecture data structure, an XML-based metadata is designed, and the data exchange model based on it is proposed. We also discuss its application in data exchange. The application system built in this study shows that the XML-based data representation standard and the model provide a feasible solution to data exchange among heterogeneous relational databases.
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